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(54) OPTICAL ISOLATOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive 
optical isolator which can be easily produced and which 
can keep the characteristics of a conventional isolator. 

SOLUTION: This optical isolator consists of an 
absorptive polarizer 1, 45° Faraday rotator 3 and 
reflective polarizer 2, each in a parallel plate form, 
arranged in this order as tilted from the optical axis 
of the incident light. The absorptive polarizer 1 and 
reflective polarizer 2 are disposed with the 
transmission polarizing directions making a 45° angle 
from each other. A magnetic field H is applied along the 
propagation direction of incident light to the 45° Faraday 
rotator 3. The absorptive polarizer 1 consists of a 
semiconductor murtilayered film with a semiconductor 
interposed between dielectric layers. The reflective 
polarizer 2 consists of a photonic crystal. The 
45° Faraday rotator 3 consists of a hard magnetic 
garnet thick film showing a square hysteresis curve. 
Since the reflective polarizer 2 made of a photonic 
crystal does not require polishing, it can be easily 
produced at a low cost and it shows excellent 



characteristics for the environment. 



COPYRIGHT: (C)2000,JPO 



H 




(i9)R^a?f^T (j p) (12) ^ H 4# 1^ £x ^ (a) (iDmmm^m^ 

#^2000-241762 
(P2000-241762A) 
(43) &m B ¥/£l2^ 9fl8B (2000. 9. S) 

(5I)IntCL 7 MtSJpd^ F I 7-73-.^ 

G 0 2 B 27/28 G 0 2 B 27/28 A 2 H 0 9 9 



(22)JU«B 



ftlPFl 1-46498 



¥Jb£l 1 *f- 2 21 0 (1999. 2. 24) 



<71)ttiB5A 000134257 

Sm&iih^WJk fiE«SUj6TH7#l-St 

(71) ffllBA 391006566 

(72) # 

^JKifeflllftrfa^dKIPaJTATH 7* 1 -t* 

(74) ftMA 100071272 

*3B± «9 fifcfr W2«) 



(54) [S8WG0««;] ^Vl/-^ 



(4>V) [g'tf-j] 

["4444M^] •. 4 r w : — v -v.? I--'.' i 444' ^ 

^4'- J ^i4 :| f -'!to 4; 4 1. 4 4 '44 7 • - --[ulfc; f- ;.5 , ^4 

'.;•'>: 4 r'j 4- i,-.4!Fi-' Ml' 1 : 4;. , t$ti;"*t : *. -4 . : ; 

ki'M L '? N O :: ^iU ; V- '«« ^ ;'• 1. 4 4-,4K 4 4<.h 4; r 

2 ; L-V-ri ' :; 4r, -4 L-SiMlW'-t 4"44> 4; 4-4 •) 4 ' ^; 4 ■ 4<. 
4 ; .:'■:■[' \ r . 4 ., 4 ' ■' ' — r 4 , ' ; t \4M" 

4:4 iiii: / 4 j/ij, - m; , 4i-^H4-,4 "4:. ; :]1 v4 : 4ii4i 
- 1 ; i4-^:4:;4 ; 4:' [ |T;--4^4- - 'A 4 ': : ^4, 4- 44;^ •;. . : 
, .4}; - : -w : ;*-4 , : ' j : -- - 4;hm;^.4-4-' , 4 



H 




2 



'i j :iMiii 74 ; 7 i i 'J . \ ) 



2 , ■ •-,] 



[7. n n 



[ ( ) 0 ( 1 



[ 0 0 O K ] 



7'n ] ,27. ^ l ,2 42 
' V , .7: 2 ! 2 "t •:<•.! 7; 2, L:7 1 " 

[::m.-7 m I ] »i\AM l - '>'^'»J;ri • . ' ::L : ..fe7.. 
v j V --•-'» .2:^:V<:iv ; /--- < - ,:. — 0 >2.f • /' 

7 : ^ I "; <t. 2 V" l' v/ I -- 

[;:,'■! n ., ] ;;i 7'. 2 ; i i - 4 ^ fm> ( .--j* - - j\ .fco V L '> ' 

i — >■ ;-4->i--;\ -/ v. 7— v >7-/ r x .-^Hv* 

7,r: 7- 1 i -r^jfd'! ^ >f>*t' >7 L ~^ • 
[ 4ii/c,7:'^] 
[ (■ o 0 1 ] 

[ v><7.' 27 > 2 r/: v -2^:r-] ^^ci'fj. 17 22 ; :V.^7 ; .^ 
77 -: • -/..r: 2 2 it,-, 2^-7:- • 

)'^\^W^-\W\ ,^ 7,[pi7~ ;t:ii%-t'o ^V-.fc f-"7,^ 

O '^7'-' f ' L — V , 

[c 0 0 

[•^- '-7-:] v''7 " . >t->' f f^j ;77 1: 'J f v 7 

; L : 7 _ t9:'^;>t : -|] f jij .>..:; 2 ' ' -;-viv; - 2 -v^r/a 

r>:i ,; .^ : 2 77 1 221; .7 v > r : : : -2 .v : -~ f ^ 1 



id 



2 — -l 12 v 



7, .7^:i7j(ti (v]j ,7- 'y':, 

!:-'![ m -V -?7Hi ' "C;7^[ii< 



[0 o 0 ■.> ] 

7 : ^j \ < ~ ■> l • ; . 1 ^ 

[t) 1 0] i<! 1 >^\;\*\y .'WidW 1 ; ' (-S o 7:"' f ^ 

i -'■'^.^^f^7 J -j; 7 /- !^h;':l I ■::]-.? , .7 o7 >t" /' .7' / 
- - " ' ' ■ I . ' ^ :: . ■ J l ' lS < ^lU^-ZM >V. )*• 1 , 4 ;> 

• ' ' ' -r^v: :'• > , '^ ^'H-^^ T; :'• 2 ' 7.) !i|fr - V 

:*o t): /to') :.ttfii; .-. vj 1 cftfut 7fidN L vsV ^: 7 7,0--:, 

:^^7^l7:) i 71 7." 4 7 !k>MY. (17,; 177-7 7 7 , ' 7 r( s 4 

• > 0;- ' •• [n].i v - r :j , l '7>r :7.-tBf j •'!>;]< ' • 

[0 0 1 1 ] l^ 1 V7, I'A'.iJ',: 1 ':!^^; r 1 , 1. V -X f • ( 
/'^ ; :V''' ^/vr^.-J-^Ui: , ; <:7>f : ^'M i'7! , !. ' ^ 
h - - 0,47, 7-7 ' ^ ' :^7!l-; r ;■ t 

^ ! f M v - ■-• ■ : " ; ; - -' - r : - : {i ; ? ; «!/.7i77 \^ ■■ h\?7->o 



'< f7 ^" ,\ "V ■ 7 ^ INm ^ r. :;7Wi7% '7r 7 - " 

i. :> r-vi 1 !^ -*-7- : 0 :i ' ' v 1 • [. 
[ 0 0 0 3] 

[^ :j ^7:t;-l 7 7 7 - : ^!] k-liL /' ' -iV'" f 

w i — v ^'^ [ >, :'iffl">t r-'"- frl-- i^r7^. J iM'-t r 

.7 L. 7- ^'7.:, - I ■ ■ : ; ^7ij ' r * Hlfc \t~r ? .7 .7 



I 0 ( • 17] 17 7 ; <: : l: 77U >L r 2 ff j L ^ / . ; -7, -' ^ 
* • t-^V- 'V ;7 7i: c^l-t 1 ' 7^;N:7v:K : - ( 
2- ; 2!2^77-v;- ,v : . 2 



2; 



22" v 7J 

H : 2 



■ vi 7 



' L V r7'-2' i'j> 

-Ivy 212^2 • ^ ' 



" ^ i' 'r 1 - T t'i Ej£-i i ' J 
J7 ; : : ;^2 ^2.^2 /}-, : 
2 - 2' -/ j- !■■ : _ - 



i ) 1 



[ 0 0 O 4 ] k^c2 !M , U 



10 2 : : - 7 :: ^i •; 7 2 , 71--: 
[7» •:, 1 :; ] - i- ! - ^ 
. ;.. 2 N- :2 ' .7v/2r '. f f : i-iif 



[■■■ 

[:2 



( ;i Si : 1 I 

1 . 4 4 1 l. ■ 1 



4 ' ..; 2, i 



1 4 



-:. -cyr-AH 



Y: (-).:o i j ( j 4 i 7 ( ; 4 ( 1 1 4 < j * j < > a 4 l 7 o 4 . \ ) 

4 



\nn i .4] 



I h ) 



a ) , AAi 44- -4 

; A Ayr '■:!< ' : v- ? 

4 4 (h) 



4 414-- 



Af ■■t ' 44 y ' 



[WO 1 f : ] 4 4 5 , 4 (a) - 44 i , y J.N 4-^44 
MM\AA^m\ Vi.f f ;[•; y^ v f y - . -, x , t , : , y^,.- 

; 4 /- M: >A>- : ^'^W:Vi A. A i , Mil ' ' 4 l 

4.AA .4 ^ A^A-UAAW >t ' 1 . 4 4 '4 ' •• ■■/ ■/■■' — [nit/; 7 
4, A 7 47^'^ - . A 4 \ :4 : -4 I. - 4 A* /, M '^4" A 
[00 1 7] ,4,.', [>]4 ( 1, ) - -:;4-i-M , y ..n.^^joO 
Mf^A-MAA, 'A^A U4 4^J 4 ^ >„'! \ 4.44. 4. 



/ 7 , ;yyj ( a ) ; ; :|n 'r-.U./j, 44- y, ■ A; - r4 •: \ , VAy 
■474-14 (a) -4 ' • ; 4 I (b) -4. . A- ;4 A A 7- ' 4' "A" 

4> lM : 4 -4£tn -■' ■■ 44-1 -jV r 

[')!' M] '7' : 7 IA 4 (a) -4 : 7W r: , A An 7iA7; 

Mi 77-4 JyA\ .(44 j :A^47 Mk /Hi "4 -i^;ri o ; y^A7 

m4->7- Ay : vq; : V4i4 4; A 4 ,\Mr L f£ , : ■ ; .1 ~; 
4m' ^A^M:^;^ A: 4 4 , 4 4 " 



A ■- in kl, llt UH 4; 7- n 4; >*:4r; ! ,W..-A7;4 



[0 0 2 4] A'7A LA4 (1)) - < AW , A .ly'/fAA. 
Ml Ay Ay [y. MA A" --y v-r-f j "4 >j : A ;> I A yiAA ' - A - 7: 
M^;AAyy^lW A A A 4A^4=7rI -m[77-^i|4^ 



71: 4.7 ^M: V ; M A. 7 4 , - M.-* 7 7, v . yyyAyAyA] 70 ,r , ftii;77>7/.:] 7 ^^47:[j -3 44.47 " 4; • y i; yU 



A 4fHAr : A^y A M' 4 -4^7 • ui - - 4 : ./ll L , ftll i47') inj 
,7 71117V \7i7 4. i" :47l 7 4:^.' m 4 j " 4 '/ ^ lU — '4-4 
4 -> i*v ■/ ■ / [niij.-; 7 ;: /. !: 4 ; 4: [ . -M/ 4 !^ a', r 1 ; ' 

.14-' 7 ^ , ^4|4^tU^: 7 1 i4 /4)!'i 4 ; ^i-Offm 
■■'I l-^iU'WiM >t ;'■ 1 44^j4^, i- 0 m^'\ I "7 

1 0 . -!4 4J'y 7; 4 1 /. 4'fr'f 7 '-t; t'^ljv. 4 r . y } 
I t) 0 1 8 ] 1 4; I •" , - ^ 1 ,4 . 7 1 -- Cj^ . 

; '4 V:"74.!7v;w -t; t^ifn/v*/, -y^ s> -f.i^iiv 4:; Lr.<- f fi 

J^lV7; 4 4; 7 in ^4^t4;--- f I - - - -l^tl-. (ftji V 
'0'4 7; ^ n '-vrn 4 : 4^ : ^ L -4^4-- < " '* L — 7 L "7 
7^ : t^^:H{4- 4; ;..M 7 
[OO 1 0] ['4 ,' L, ^^; i ^44^^[ff{4] ^ ;^(4l^. ' f 

1 — ' U- Kff^oA/v-j 4. 7- fujl mi r/.*>>:- 4 -7 ny ' r ^ 
: -■'■*: / ' : •' ^-<i*V-^; y^^/M 4: 74 . 4 4 "4 



^1 "il 7 yi^i, ■ 



■4 . " y ^7 1'iii 7. ■ 7 f& f :< y - 1 y 



:^yv4^y ;--4 y:-- j yrytyi4 y r-4 



y'7 --^ . 4 



. i/J ! l4 4-4'j[ 

; - ) 1 ) 4 o ] 



;f ?!fwy r 4 -i : y -'"^-;;y:,77 3 4 7y;y : 74 

'^'WM >t r 4 , '. y^4= ... 4 ,4 7 , 'VH^M 't 4 ( 4 
• ; y j 4 4.4 '14 )\ : : -4 ;j . ;4/ 4; 7 M A: 4 -4 yi h\»\?)>h 

o :t v;.:7iv; ; ;j . 4yt: 4;^ 4 : 74.4 Mi-yy 4:, i : 4 

%* } \Vm 4 4 yj: - y 7 : 44;:iy y7!4 :■ .jy^ , r! .y -y^y^-y 
- : : M-;-' 7 

[ 4) o 4 7) ] 4, -/liyy^ y ■: 4 y .y}:- 4. y y, i 4 ,> y 

■ ' '■'-y= 1 i i l r /; - *r-± L C^-UV^iW 't f;l i " '774^ 
/ 4 7: 7 y , »K it'Am '\': r 4 4- Ay j-4-y, y4;|^ 4: -Vinl 

<) . :/'v:>iyvyi4 y r- r> -^j : y 4-4,14-7 0 c 'yi^iiv; l -4.1 - , 
^4J4 l \yf4 't i 7. 7- yyr-f .;. y/uy ]4 ^ ? y 

[o 0 2 7] ic/.' t.4;.y A.>47r^-' ' : • ;4. y 

• . iy Vit'J "-'c-:"'^ 7; i ^:!*y.4^ 7 -L: -7 « ; ; / ; ::-7.; 4 .> , yy 

v , :'77.' : , ,,' ■ i /y^py.')"^ f ^ 1 

4-^M[4:M [ f :4 y 

^4-fWy:^.- .. . 4- yyy 

7747 : — / -)-- / 11, % 

Ki -y--- 1 v 1 4 , 44"- "7 ' 



[0748]: 



^vf4 y^i y 



1 



■4 7'" ' : t • :^ 



, lf fj ... . 
r 1 1 y. 



:.o7 y: ; x 1 



[ 1 ' 1 ] 



: ■:. 4 - 



■-' 1 



1 4 



[>• ■ :< ] . . : 7 777 : - 44 \ 4 7 :' a 

4 r 4 iii ■ :. 4 4 : v 7 , 7 4 4. ' 'LM - 4 • : x -It ■'»"<: K 
■ir^ilrrc 7: <4 A h x 4, . 4, • • 14 ;4 

- ! • • 4,7*.. : ; 5 ^'"4> -;^f:4-^-- ,4:^^,..: : x 
-4-. v. f;{r ;: 4, • :y 774 1- 7 7 .. l \l : I .4 4 4 _. 4 

4;^r:.-r I 4, -.;4 4^u-ii:.. 4 ci b: -4 k -7:4 : 
4,, N^4a 4 • •. ~ 4: - -~ : 4^4>'.' f -4v<:. ... 
4 "[4^ 4 VI • - v • '4 - 4 "4 4i44^ ( ..4 4 i: : 4;4- 4' , 

[ 0 0 ] !•::](. , ... :4r' '.I " L - ■ ! 4, 4-;;. i v 

1 4 - : 4 I • : - ' : - — 'U-'-t.? \4 ' 7 - 1 - , ' IV: : : - X 

V.4- : rV;r/ 4 4444^:4"- 4 ' ; immud:^ .44 4. 44; 
4; /"n Vi'V A 44 i v l o 1 >--:7rfpy ■ -v " Y • 7 I 4 

-4,; u [:} : \S { /■ \ : ' y 1 T f ii " ' '4 I - -V 
1 - :--My^\7:' > -47i 7 ..' ! , I i ■•• 1 7 - T 

4 ; :4 • f w l i 4 744^4 ^4 i 4. { iv; ' . V 

1 r>t. -liUA -!•;:-'■;. > 4 -^7' ' , i - - I r t ltii: 1 
9 -4 f4: 1 ^; : - I f j 44 ' - < ' : 1 8 • \ A(4 4V1t 

4;-r:-;-4^4'4 :. I \r. 4 4, " Ai .a—-: '•<• > ' 7 ' 

1 8 7 ' i — ^ 1 3 -V ftoL; /- 4v 4 1 : l > 

o L'! : i. Y ^44 ^77'^,7' 1 :4^iv! I. 41:3 

;4.7: ; r:.:L->-i - - - 7;- r 4,- ; ; ; [hJU.;-^ jij ■ Z 
-5,. 

[n i, 1 ] 

[ 7!Mi,- I}-] /; ; , •••7. k , 7- 7; -M- - I 

- ; - t.^147, 7-ri t-i rf44 ^ I -4| |: ; ^ y-, - • - 
' • :4 '47: M)4 C-M 7 4 4 4? / v^j^V "4 

H7HK/-4 L 4 '74; l ! t:^^4, "J ;l-4, T: 1 ^ 7M ^ 7-' ! 4 
^nUl,,)7 4, ; "4 7: ■r^:.C\'% u ' \ I ^ 4: ' 7' 

- , ■ - 7 f.^r'V.iH 7. : :'-4 7 4„" : ^71 ■■ ^ .4 [j.- .^au 
M' 4t>Va;7HlMh^^. 14 ' 4^4rl4^;o-1 >7 7^7 7 

.4 4 ; S'i,4 i: - 7 -V 4^.^- - \ ; :> / { U . - 4, :;4 
]j - Y-v4i*4'-i:V 4 4 7)^ 44'o,' 4, ;V : ^ 7 v L 

- - 7<?-44!it<Y'7 7 vi ~- 7K! <^ ^ 

[[4j i ] [4:;] 



4 !)J (j 0 ii 4 4 1 7 fi 4 ( T 4 7) 0 0 4 4 1 7 0 4 A) 

o 

• ' : -4-7 ' V • v/ 7,;4 . • ; 4- 7 4: • . I >; : ,k:; 
7; - -:7 ; ; v4-4- 47/4; 4-4 ;47 : 4 4 -.,4 4 4 , - 
[:-74 ' ; ;7 ^-7;, 747] 

[4] 1 ] 74^4l->77 1 ,:^4 a:-' f " L - - A i£ K 
^7<- -j:L7- !Si.4;i/'7 4^ 4, 

[:•: 4 ] 4; ,r_ ;t- - ■ - v , 4. : 5. ; c4 /u-7>^ 

^'■'■47^-;-y r->o,4 ^< 4 4:. ^ 4 4 A|4 La i>7 T >> 7 s 

( ;i ) 77^77474- . 7744 4^-r/ ,,,/;,, < b ) 
4; l M± t :7rj4-;;, 4, ,0 --.h 4, _ 
JO [. ] 414^1^1 4 ,'1^4. r"" ^ 1 • 7 7; !v 

^4.;4 : - y|. ; ^iiijuuM--^ ,4 .. 

[L:-U] 7|;44;;4,4- L - r V A ^ ^ t A ^ vt ■■/.>;£ 

''••: ; -' : 4- . ;. L ; ; r. rV : l 4 7 4 v 7 'OHyin;::! 4 7- 4 , 

( .< ) .4114 7 7Y4 /-4-;i;, ';V]4 7.. i. (b) 7Xi.!4.//fnI 

*7>r 41, • 7']-i / 1,07)4:^0 . 

[; ] 1 < - i^"7 1' ^ 1- - v 77] v /• y. ; ---4>^7/ 
4. -7; ::^^-v - y! . f' frij [4l "4=7) o , 

[IH 6 ] 71 1 -i7i •• 4" !' n-7 V.j7 iv '< 4 4:] t ;;•/ 

^ 4 ~ /4f^ 4 ± - • -7 < 4: ^4 ; 7' ^Y^V^y'- 7; 4j ^fj 
:>0 '74 > y; ^ 4- 44if!i;^i :fi;7- ! 4 ^--7 
[7y 4 ^,^1] 

1 , 4 H7l|^^f^>yT- 

3 4 4 J£v r 7' / - - i':iiv; 7 
1 1 I - - I' 7 • K 
1 4 ^y I > v 

14 '-y- • y ^> 1 • 

1 4 \.- ' v f ^ : 
1 4 4 : '4 4" 
:*<) 1 i> V y. -v ;• 
1 7 • ~ - ^ 

18 .3- 'L -- 'l y ••4 r 7 

I 9 :r. 4 — 'I ^'(m 

II fi4;^ 

[14] 4] 



H 



H 



